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THE ANTITUMOR MECHANISM OF PROGESTERONE 
ANTAGONISTS IS A RECEPTOR MEDIATED 
ANTIPROLIFERATIVE EFFECT BY INDUCTION OF 
TERMINAL CELL DEATH 



H. Michna,* M. R. Schneider, Y. Nishino 
and M. F. El Etreby 
Research Laboratories of Schering AG, MfiUerstrasse 170-1 78, D-1000 Berlin 65, F.R.G. 

Summary— The antiprogesterones Onapristone, ZK 112.993 (Schering AG), and Mifepristone 
(Roussel-Uclaf) proved to possess progesterone receptor-mediated antiproliferative effects 
in experimental mammary carcinomas. In this study, the potency and mechanism of the 
antitumor action of Onapristone and ZK 112.993 is characterized by ovarieciomized, 
progestagen and/or estradiol substituted mice bearing hormone-dependent MXT(-h) mam- 
mary tumours. Medroxyprogesterone acetate (MPA, 0.8 mg/mouse, 3 times weekly, s.c.) could 
only induce a poor stimulation of tumour growth (% T/C = 40; intact control % T/C = 100), 
which was only marginally inhibited (% T/C = 21) by Onapristone (0.2 mg/mouse, 6 times 
weekly, s.c.) during a 6-week therapy. Therefore, the antitumor mechanism of antiproges- 
terones cannot preferably depend on a classical progesterone antagonism. In contrary, the 
pronounced stimulation of tumor growth (% T/C = 152) by estradiol benzoate (EB, 
0.33 ^g/mouse, 3 times weekly, s.c.) was completely inhibited (% T/C = 7) by the antiproges- 
terones. An even more stimulated tumour growth was achieved by a combination of EB and 
MPA {% T/C = 365 using 0.17mg; % T/C - 225 using 0.8 mg MPA). Onapristone dramat- 
ically blocked tumor growth (% T/C = 7) at the lower dose of MPA; no inhibition (% 
T/C = 203), however, was detected at the higher dose of MPA. These data and a morpholog- 
ical analysis indicate that the potent antitumor activity , of the progesterone antagonists 
depends on the binding to a number of available progesterone receptors high enough to trigger 
an antiproliferative effect via the induction of terminal differentiation associated with terminal 
cell death. . i 



INTRODUCTION 

The antiprogesterones Onapristone ( = ZK 98.299, 
Schering AG [1-3]) and Mifepristone (Roussei- 
Uclaf {4]) proved to possess very potent progesterone 
receptor-mediated antiproliferative effects in several 
experimental mammary carcinomas (Fig. 1) [5—7]. 
Our results further indicate that the main mechanism 
of antitumour action of antiprogesterones in these 
models is a direct progesterone receptor-mediated 
antiproliferative effect at the level of the mammary 
tumor cells most probably via the induction of termi- 
nal differentiation associated with terminal cell 
death [8]. Our electron microscopic analysis suggests 
that it is of pivotal importance for the process of 
terminal differentiation that the polygonal cells un- 
dergo a transformation to the functionally active, 
mature and nonprolife rating secreting cells which are 
aggregated to acini. This concept is also based on the 
knowledge that there is an inverse relationship be- 
tween growth and differentiation and that malignant 
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tumor celis are considered to have lost their capacity 
to differentiate terminally: thus, terminal differentia- 
tion is the physiological mechanism to stop cell 
proliferation [9, 10]. There is some evidence from 
other experimental models that this mammary 
tumor-inhibiting mechanism of progesterone antago- 
nists is mediated by the progesterone receptor: (1) 
Antitumor activity is not found in various proges- 
terone receptor-negative cell lines, but is related to 
progesterone receptor concentrations [11, 12], since 
after pretreatment of MCF-7 cells with estradiol an 
increased content of progesterone receptors accom- 
panied by a greater inhibition by RU 486 was de- 
tected [12]. (2) Antitumor effects are prevented by the 
occupation of the progesterone receptor with a 
progestin [1 1]. (3) The drug concentration needed to 
induce antitumor activity in vitro is "similar to the 
concentration required to occupy the progesterone 
receptors [1 1}. (4) Mifepristone blocks the production 
of progestin-regulated proteins (receptor mediated) in 
breast cancer cells [1 1-15], 

To further elucidate the mechanism and potency of 
the antitumor action of progesterone antagonists in 
this study, their effects are characterized in ovariec- 
tomized, progestogen, and/or estradiol substituted 
mice. 
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EXPERIMENTAL 

The MXT-tumor used was the MXT line M 3.2 
originally provided by Dr A. E. Bogden. Two tumor 
pieces were implanted subcutaneously in female 
BDF-1 mice. Treatment was started after tumor 
implantation and randomization on day 1 
(«« 10-13) for a duration of 31 or 41 days [6]. 
Ovariectomy was performed on day i after tumor 
implantation. Ovariectomized animals were hormon- 
ally substituted with injections of estradiol benzoate 
(EB) and/or medroxyprogesterone acetate (MPA) 
subcutaneously 3 times a week in doses given below 
and already described before [16, 17]. Progesterone 
antagonists Onapristone, ZK 1 12.993 (Sobering AG), 
and RU 38.486 (Roussel-Udaf, Fig. 1) were in- 
jected 6 times a week (s.c.) in a dose of 0.2 mg/animal 
(~ lOmg/kg). Tumor growth was determined weekly 
by caliper measurements. At the end of treatment, 
tumors and uteri were prepared, weighed, and 
embedded for histological examinations. 

RESULTS AND DISCUSSION 

Antitumor activity of the antiprogesterones in substi- 
tution experiments with MPA 

Substitution with MPA only induced a poor stimu- 
lation of tumor growth in ovariectomized mice bear- 
ing MXT(-f ) mammary tumors in all doses tested: 
MPA administration does- not stimulate tumor 
growth comparable to. that seen in the intact control 
animals 1 (Fig: 2): Nevertheless, a dose-dependent 
growth response to substitution with MPA is evident. 
Because of this only weak stimulus of MPA on tumor 
growth (Fig. 2) [16, M] the potent antitumor activity 
of aniiprogesterones [6] cannot preferably depend on 
a classical, progesterone antagonism. The poor 
stimulated tumor growth (% T/C = 40; intact control 
% T/C = 100) after treatment with 0.8 mg/mouse of 
MPA was only marginally inhibited (% T/C = 21) by 
& Onapristone (0.2 rng/rnouse, 6 times weekly, s.c); 
Fig. 3). 

Antitumor activity of the antiprogesterones in substi- 
tution experiments with EB 

In contrast to substitution with MPA, after EB 
administration (0.33 ^g/mouse, 3 times weekly, s.c.) 
the tumor growth attained was identical to that in the 
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Fig. 2. Growth of hormone-dependent MXT mammary 
tumors of the mouse in intact (control) or ovariectomized 
animals substituted with MPA in different doses 3 times a 
week (=3 x w). 



intact control (Fig. 4). This stimulation was com- 
pletely inhibited (% T/C = 7) by the antiproges- 
terones Onapristone and ZK 1 12.993 [Fig. 5(a)]. Due 
to these data and the fact that the progesterone 
receptor content in the MXT tumours is enhanced 
; after estrogen treatment (16, 18], the strongantitumor . 
activity of these antiprogestins can be explained by a- 
progesterone receptor-dependent mechanism. In 
these experiments the weights of uteri revealed no 
remarkable changes after treatment with the proges- 
terone antagonists in EB substituted animals 
[Fig. 5(b)]. In contrary, the histological analysis 
revealed a blocking of estrogenic effects in the endo- 
metrial stroma (less edema and less fibroblast act- 
ivation) compared to the EB substituted control 
uterus [Fig. 5(c)]. Moreover, multilayered (stratified) 
formations of the surface and glandular epithelium, 
necrobiotic changes (apopiotic cell death) in the 
epithelial lining and the secretory stimulation of 
glandular structures were evident. 

Keeping in mind that mammary carcinomas in 
general prove to develop out of dysplastic epithelial 
ducts, it is of great interest that these progesterone 
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Fig. i. Chemical structure of Onapristone (Schering AG), ZK 1 1 2.993 (Schering AG) and Mifepristone 

(Roussel-Uclaf). 
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Fig. 3. MXT-tumor growth in intact control or ovariec- 
tomized animals substituted with MPA and simultaneous 
treatment with Onapristone. 



antagonists induce massive necrobiosis as well as 
apoptotic cell death of the epithelial cells of the 
endometrium and of the uterine glands [Fig. 5(c)]. 

Interestingly, the blocked tumor growth after treat- 
ment with the anti-progesterones in EB substituted 
mice correlates well with the development of glandu- 
lar elements and acini displaying secretory* activity. 

Antitumor activity of the antiprogesterones in substi- 
tution experiments with EB and MPA 

The combination of these hormones in ovariec- 
tomized mice caused an enhancement of tumor 
growth (% T/C = 356) slightly greater than the 
additive effect of either hormone alone (Fig. 6) [16] 
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and the tumor area attained is greater than that of 
the intact controls. !n this combination of EB 
(0.33^g/mouse) and MPA (0.17mg/mouse) and 
MPA (0. 1 7 mg/mouse) Onapristone completely 
blocked this strongly enhanced tumor growth (% 
T/C = 7; Fig. 7). However, by use of a weekly 
(5-fold higher dose of MPA, Onapristone in the same 
dose was inactive in inhibiting (% T/C = 203) tumor 
growth (Fig. 8). 

These two experiments indicate that the potent 
antitumor activity of the progesterone antagonists 
depends on the availability of a sufficient number of 
free (unoccupied) progesterone receptors, since the 
antitumor activity disappeared when the proges- 
terone receptors are blocked or occupied by an 
increased number of MPA molecules. 
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Fig. 4. MXT-tumor growth in intact control or ovariec- 
tomized animals substituted with EB. 



Fig. 5(b). Continued overleaf 
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Fig. 5(c) 



Fig. 5. (a) MXT-tumor growth pattern after substitution with EB and simultaneous treatment with 
progesterone antagonists, (b) Wet weights of uteri in ovarlectomized mice, substituted with EB alone or 
after simultaneous treatment with different progesterone antagonists, (c) Morphological reaction pattern 
of the uterine epithelium after ovarectomy and substitution of EB (Q or simultaneous treatment with 
Onapristonc (A) or ZK 112.993 (B). Note differentiation of the epithelium with massive and specific 
induction of necrobiosis and apoptotic cell death (« antiepithelial effect) after treatment with progesterone 

antagonists. 



Ma+oriol mow ho nrrttortoH hw rnrw/rinht (T'tWc* 17 I I Q C*r\r\a\ 



Antitumor mechanism of antiprogesterones 



451 



Tumor area sqmm 



200 
180 
160-1 
140 
120 - 
100 
80- 

eo - 

40" 
20 



• Control 

o Ovariectomy / 

# ov mpa 0.17 mg + EB 0.33 |ig / 




30 40 

Therapy (days) 



120 



100 



Tumor area sqmm 



30 -i 



r 



• — Cowot 

o Ova«o<semy 

. ov MPA 0.17 mg 

+ EG 033 Hy 3vw 

© ovMPA+ cB 3xw 

+ Onapristor.e 
0.2 Saw 




Fig. 6. MXT-tumor growth pattern after substitution of 
ovariectornized mice with MPA (0.17 mg) and EB (0.33 /ig). 



Fig. 7. Tumor growth after substitution with MPA 
(0.17 mg) and EB (0.33 /ig) as well as additional treatment 
with Onapristone (0.2 mg). 
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Fig 8 MXT-tumor growth pattern after substitution with MPA (0.8 mg) and EB (0.33 ,<g) 
additional treatment with Onapristone (0.3 mg). 
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Tumor inhibition by the antiprogesterones was 
found again to correlate with a pronounced appear- 
ance of glandular structures and acini, as well as the 
induction of secretory activity in these mammary 
tumors. Furthermore, tumor areas displaying no 
differentiation to glandular structures and acini were 
characterized by an enhanced amount of the spindle- 
shaped necrobiotic celi popuauon. The morphologi- 
cal analysis establish the concept that progesterone 
antagonists, like Onapristone and ZK. 112,993, trig- 
ger an antiproliferative effect in these mammary 
carcinomas by the induction of differentiation of the 
mitotically active polygonal tumor cells towards 
secretory active glandular structures, as well as 



towards spindle-shaped resting and necrobiotic 
subpopulations (Fig. 9). 

It appears that these antiprogestins possess the 
potency to eliminate an intrinsic block in terminal 
differentiation in progesterone receptor positive 
mammary tumor cells of the mouse and the rat. In 
addition, it is to consider whether this mechanism is 
also responsible for the Induction of necrobiosis in 
uterine epithelial cells. The alterations of the endo- 
metrium and the necrobiosis of the uterine epithelial 
cells stimulate the idea to consider this concept of 
terminal differentiation and terminal cell death in 
explaining the mechanism of action of progesterone 
antagonists in a therapy of endometriosis. 
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Fig. 9. Concept of terminal differentiation as an explanation for the tumor-inhibiting mechanism of 
progesterone antagonists in experimental mammary adenocarcinomas based on light and ultrastructural 

investigations. 



These data with MXT(-}-) tumors, as well as the 
morphological analysis, favor the concept that the 
. potent antitumor activity of the progesterone antago- 
nists Onapristorie and ZK 112.993 .{Schering) de- 
pends on the binding to a sufficient number of 
available progesterone receptors high enough to trig* 
ger an proliferative effect by induction of terminal 
differentiation leading to terminal cell death. 
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Our research efforts have been aimed at identifying a compound for the 
treatment of hormone-dependent cancers. For this purpose the proges- 
terone antagonist onapristone has been selected (Neef et al. 1983; 
Michna et al. 1989a; Schneider et al. 1989) and is now in a phase III 
clinical trial. The ability of this compound class to prevent the growth of 
mammary carcinomas requires the presence of progesterone receptors 
within the tumors (Michna et al. 1989b). These compounds neither 
block the secretion of pituitary or ovarian hormones nor are they cyto- 
toxic drugs in experimental rodent models. In addition, the tumor in- 
hibitory potential of progesterone antagonists has proven to be mde-. 
pendent of their antihorrnonal {= antiprogestationa!) activity and these 
compounds exert their tumor-inhibiting potential even in the absence of 
progesterone (Michna et al. 1989b). 

Considering the physiological function of the progesterone receptor, 
which is the mediation of differentiation, it seemed expedient to analyze 
the morphology of mammary carcinomas after treatment with proges- 
terone antagonists. From comparative studies in MXT, DMBA, and 
NMU breast cancer models we draw the following conclusions: 

In experimental breast cancer models we detected that the tumor 
inhibition of progesterone antagonists, such as onapristone was accom- 
panied by a shift of undifferentiated tumor epithelial cells towards 
glandular structures. 
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Fig. la,b. DMBA-induced mammary carcinoma of the rat; light microscopic 
characteristics of untreated control and progesterone antagonist (onapristone)- 
treated tumors after azane staining. It is obvious that after treatment with ona- 
pristone more dysplastic glandular structures are filled with secretory material, 
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Fig. 2. Using rnorphometrical procedures the volume density of glandular 
structures and undifferentiated, spindle-shaped tumor epithelial cells was esti- 
mated in DMBA-induced mammary carcinomas and used to calculate a "dif- 
ferentiation index"; no effect was seen after treatment with high doses of pro- 
gestins, such as gestoden and medroxyprogesteroncacctate {MPA\ or after 
ovariectomy, whereas treatment with an antiprogestin significantly enhanced 
the differentiation index 
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Fig. 3. a Staining of progesterone antagonist (onapristone) treated-DMBA in- 
duced mammary carcinomas with "oil-red" revealed the secretion of fatty 
acids; the secreted material is stained in red, x920. b In addition, fluorescence 
immunohistochemistry detected the secretion of casein, x320 
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This reaction pattern was already obvious at the qualitative level of 
light microscopy (Fig. 1). We could also ensure this reaction by using 
morphometrical procedures introducing a new differentiation factor 
estimating and bringing into relation the amount of undifferentiated, 
spindle-shaped cells to differentiated tumor epithelial ceils arranged to 
dysplastic, ductlike structures (Gehring et al. 1991). A higher degree of 
differentiation of hormone-dependent mammary carcinomas (MXT, 
NMU, and DMSA tumors) was only detected after treatment with 
progesterone antagonists, whereas ovariectomy, treatment with tamox- 
ifen, or high doses of estrogens or progestins did not influence the 
degree of differentiation {Fig. 2). The same conclusion could be drawn 
using classical grading systems such as the WHO or Richardson grading 
system (Gehring et al. 1991). In line with the above, our data indicate 
that only after treatment with progesterone antagonists did the tumor 
epithelial cells show clear evidence of secretory activation - mammary 
carcinoma cells secrete fatty acids (Fig. 3a) and casein (Fig. 3b). In 
addition to secretion, transmission electron microscopy revealed apop- 
totic tumor epithelial cells in breast tissue (Kerr et al. 1972; Schweichel 
and Merker 1973; Bursch et al. 1985), whereas after ovariectomy necro- 
biotic tumor cells dominate the picture (Fig. 4). 

The estimation of indices of mitotic and apoptotic tumor cell reac- 
tions revealed that all endocrine treatment strategies of breast cancer, 
such as ovariectomy, treatment with tamoxifen, treatment with the pure 
antiestrogen ICI 164 384 (Wakeling and Bowler 1987), or treatment 
with high doses of estrogen or, progestins., may „er^anc^,:the degree of 

annntnekv the* mhcr» cianifirsmtflinnr^ after 




with recent 1 reportsrmdptmg^to may>mduce 
apoptotic cell death in mammary cancer- models (see overview in Yig- 
non and Rochefort 1994). 

Since it was also shown earlier that tamoxifen may stimulate the 
secretion of the "negative" growth factor transforming growth factor-^i 
(TGF-pi) in breast cancer tissue of patients treated with tamoxifen 
(Colletta et al. 1992) and that (liver) cells undergoing active cell death 
by apoptosis secrete TGF-Pi (Bursch et al. 1993), we studied the ex- 
pression of TGF-pi,2,3 within the experimental mammary carcinomas at 
the mRNA level and protein level. It was only at the protein level that 
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Fig. 4a-d. Transmission electron microscopy of MXT mammary carcinomas 
of the mouse. Whereas after ovariectomy the rumors display necrobiotic reac- 
tions (b), in comparison to control tumors grown on intact animals (a) after 
treatment with an antiprogestins, the tumor cells are arranged to glandular 
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structures bearing signs of secretory activity (c). They contain cells undergoing 
apoptotic cell death (d) expressing the characteristic apoptotic nuclear, hele- 
rochromatine dense material, x9600 
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(5 mg/kg per day) 

Onapristone 1.6*** 
(n=13;A T =14) (±0.8) 
(20 mg/kg per day) 

* Significant difference to cont 
ference to Tamoxifen (p < 0.05; 
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* Significant difference to control (p < 0.05; KRWA test); ** significant dif- 
ference to Tamoxifen (p < 0.05; KRWA test). 



we could detect a higher degree of TGF-fii secretion by immunohisto- 
chemical examination after treatment with progesterone antagonists 
(Fig. 6a,b), and the degree of staining with the proliferation marker 
PCNA was reduced simultaneously (Fig. 6a,b). Whereas after treatment 
with tamoxifen a higher degree of TGF-pi imniunostaining was lo- 
calized in stromal cells, after treatment with progesterone antagonists 
such as onapriston^yKi^^ was displayed by tumor epithelial 

vcells as assessed by : s^;q]u^tijE^iVe 'a'fel^si^lrabfe ^ Finally, these 
data are in agreement w|th>di^vit^ indicating that TGF-ji 

is a hdrmonally regulatei'negativ^growth factor in human breast cancer 
cells (Knabbe et al/l987; Jeng and Jordan 1991). 



Fig. 5. Morphometry analysis of the mitotic and apoptotic reaction in DMBA- 
induced and MXT mammary carcinomas after blockade of tumor growth with 
different hormone therapies; most significant apoptotic reactions after treat- 
ment with the progesterone antagonists onapristone or ZK 1 12.993; neverthe- 
less the pure antiestrogen ICI 164.384 and also the other less pronounced hor- 
mone regimen may influence apoptosis when given in high doses. DES y 
diethylstilbestrol; MP A, medroxyprogesteronacetate 
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Fig. 6a,b. Coexpression studies . by use of immunohistochemistry of the 
growth factor TGF-P and the proliferation marker proliferating cell nuclear 
antigen (PCNA); reduction of PCNA staining and enhanced epithelial localiza- 
tion of TGF-ji after treatment of DMBA-induced mammary carcinomas with 
the antiprogestin onapristone, x90 
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Interestingly, observations in some stern ceil types indicate that 
hormonal control of cell differentiation and and cell cycle changes are 
somehow linked (Walker et al. 1993), and differentiation-specific arrest 
has already been proposed as this link. Keeping this in mind, the 
accumulation of the tumor cells in Gn/Gi of the cell cycle after treat- 
ment of hormone-dependent breast cancers in vivo with progesterone 
antagonists (Michna et al. 1990) lends further support to the concept that 
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Fig. 8a,b. Immunhistocheraical staining of TRPM-2 in DMBA-induced mam- 
mary carcinomas after treatment with onapristone. a JgG control without the 
TRPM-2 antibody; note focal expression of TRPM-2, x!80 



the antitumor action of antiprogestins is related to the induction of 
differentiation leading to active cell death. 

It has been shown that the gene TRPM-2 (testosterone repressed 
prostate message) or clusterin is expressed in a wide variety of tissues 
undergoing active cell death (Montpetit et al. 1986; Rennie et al. 1988; 
Tenniswood et al. 1990), especially secretory epithelial cells in the 
prostate and mammary gland, although the functional significance of 
TRPM-2 is. still under investigation (Wilson et al. 1994). Unlike an 
/enhanced expression of the TRPM-2/clusterin gene, after orchiectomy 
vjjrt^gr^injgiianiial proslate; tisst^gFigs\^' *as : ,w as originally discovered 
^\t£$i ejal. c^lSSn^o'etect an : upregulation either by 

/ovariectomy or treatment "with progesterone antagonists in the analysis 
of the irtRNA levels in homogenates of regressing DMBA-induced 
mammary carcinomas (Fig. 7). Nevertheless, the immunohistochemical 
findings of the expression of the clusterin/TRPM-2 gene have revealed 
that the focal expression is enhanced in regressing mammary carci- 
nomas after treatment with antiprogestins (Fig. 8). 

Apoptolic cells similar to those seen in mammary carcinoma epithe- 
lial cells were also detected in progesterone receptor-positive uterine 
epithelial cells (Michna et al. 1989b). Most interestingly, there was also 
an increase in apoptotic cell death in the absence of progesterone in 
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Table 2. Morphological reactions in ovarrcctomized, mamonary carcinoma- 
bearing mice treated with estradiol benzoate and simultaneously treated with 
different progesterone antagonists 



Treatment 



OV + EB* 



OV + EB+ZK 98.299 
(lOrng/kg per day) 

OV + EB + RU 486 
(10 mg/kg per day) 



Incidence 

of apoptotic nuclei 

\%\ 

15 ± 5 
(n=4) 

42±6 
(n=4) 

32±9 
(n = 6) 



Morphology 
of epithelium 

Single layer 



Multirowed. 
muliiiayered 

Multirowed, 
muitilayered 



Note enhanced appearance of epithelial cells undergoing apoptotic cell death 
and differentation of the superficial uterine epithelium from single-layered to 
multirowed and even muitilayered epithelium. 
EB, estradiol benzoate; OV, ovarectomized mice, 
application of compounds all subcutaneous ly. 



ovariectomized estradiol-treated animals (Table 2), which is also asso- 
ciated with the expression of the clusterin/TRPM-2 gene (Fig. 9). Thus, 
the progesterone antagonists specifically interact with the active cell 
death pathway of epithelial cells without killing stromal cells in tumors 

..or uteri:. Nevertheless, our studies on the, marker. glycoprotein, tenascin 
have feve& tiirnpr.reT 

agression by 4he- mechanism apojtosSstjuiQac^L^y antiproge,stins : (Yoil- 
mer et aVl992): these and other data (Gunha^t al. 1987) suggest that 
sixomal-epithclial interactions appear to be critical both for the mechan- 
ism of active cell death as well as cell survival. 

These data have led us to propose that progesterone receptor anta- 
gonists, such as onapristone, use the physiological function of the pro- 
gesterone receptor and mediate differentiation and stimulate genes im- 
plicated in active ceil death, finally leading to apoptosis. These data also 
favor the idea that specific growth factors, such as TGF-(i ? may cause 
epithelial cell death (Kyprianou and Isaacs 1989: Warner et al. 1991; 
Chung et al 1992). However, the fact that progesterone antagonists are 
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Fig. 9a,b. Legend see p. 1 75 
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able to exert these effects even in the absence of progesterone still raises 
the question as to how the binding of the antiprogestins to the unli- 
ganded progesterone receptor can produce the pronounced effects of 
differentiation and apoptosis which result in strong tumor inhibition. 

Most astonishingly, in addition to progesterone antagonists, an- 
drogen receptor antagonists may also induce apoptotic cell death in 
regressing prostates, although this process is judged to be a dediffcren- 
tiation of the prostate tissue (Aumiiller 1979). It thus appears that many 
other antihormones, tamoxifen-like antiestrogens (Kyprianou et al. 
1991; Vignon and Rochefort 1994), and vitamin D3 analogues 
(Chap. 10, this volume), as well as chemotherapeutic agents (Walker et 
al. 1 994) are capable of inducing apoptosis independent of their effect on 
. the degree of differentiation. However, die progesterone antagonists are 
the only compound class which, in our hands, seem to be capable of 
triggering apoptosis and differentiation in experimental mammary car- 
cinomas in vivo. It would be interesting to know whether both of these 
mechanisms play a role in the clinical use of antiprogestins in breast 
cancer treatment. 

In terms of using drugs which induce apoptotic cell death as a 
therapeutic principal one needs to consider the issue of possible side 
effects and the goal to achieve selectivity in killing tumor cells. There 
are data indicating that, possibly based on high levels of oncogene 
expression of tumor cells (Vaux et al. 1988; Reed et al. 1990), malignant 
cells seem to be more likely to be susceptible to undergoing apoptosis 
than normal cells,, which has already been considered.tg.be : the price ■ . * 

r i . Mhese- cells tfaVe to pay for.taeiri^ ,, {■ ■ . .-^^p.f 

:} An cxatmgvStrate^ • • < 

act with the cell suicide mechanism of neoplastic cells, the most crucial 
question then is the choice of a suitable target for tumor-selective cell 
death induction: Theoretically, either one could consider activating 
factors inducing ceil death or the blockade of a factor that protect from 
cell death (e.g., blockade of bcl-2 gene expression or protein function). 

<4 Fig. 9a,b. Focal expression of TRPM-2 in uterine epithelial cells after treat- 
ment with progesterone antagonists (b); the IgG control is shown in a 
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The approach to induce cell death could either be achieved by the design 
of genuine cell death genes or by identification of a ligand that activates 
a receptor for cell death command (e.g., FAS/APO-1 ligand). When 
reviewing the targets involved in cell death there seem to be not only a 
growing number of proteins involved in cell death (Table 3), but it also 
appears that their function may also be dependent on interactions (Bis- 
sonette et al. 1994), most probably within a cascade system. Neverthe- 
less, the induction of active cell death by apoptosis may provide a new 
effective strategy for the treatment of even hormone-relapsed tumors 
(Kyprianou ct al. 1994). 

As for the clinical use of progesterone antagonists, one can conclude 
based on the data presented here that, a century after Schinzingcr re- 
ported on the beneficial outcome of ovarian hormone depletion after 
ovariectomy (Schinzinger 1889), an innovative hormone treatment rep- 
resents a promising future. 
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ANTITUMOR ACTIVITY AND MECHANISM OF ACTION 
OF DIFFERENT ANTIPROGESTINS IN EXPERIMENTAL 
BREAST CANCER MODELS 

M. R. Schneider,* H. Michna, Y. Nishino and M. F. El Etreby 
Research Laboratories of Schering AG, MOllcrstrasse 170-178, 1X1000 Berlin 65, F.RX3. 

Summary — Onapristone and other antiprogestins proved to possess a potent antitumor 
activity in several hormone-dependent experimental breast cancer models. This activity is as 
strong or even better than that of tamoxifen or ovariectomy in the MXT-mammary tumor 
of the mouse and the DMBA-and MNU-induced mammary tumor of the rat The anti tumo r 
activity is evident in these models in spite of elevated serum levels of ovarian and pituitary 
hormones. The detailed analysis of ail our data including the morphological (ultrastructure) 
studies of the mammary tumors of treated animals and the effects on growth and cell cycle 
kinetics using DNA flow cytometry indicates that the antitumor action of antiprogestins is 
mediated via the progesterone receptor and related to the induction of terminal ceO 
differentiation leading to increased cell death. The strong antitumor activity of antiprogestins 
in our experimental breast cancer models does not primarily depend on a classical anti- 
hormonal mechanism. The antiprogeslin-related reduction of the number of mammary tumor 
cells in the S-phase in our experimental tumor models (G 0 G, arrest) emphasizes the unique 
innovative mechanism of action of these new agents in the treatment of human breast cancer. 



INTRODUCTION 

First choice for endocrine therapy of advanced 
postmenopausal breast cancer is the antiestro 
gen tamoxifen, whilst the second choice falls on 
the use of high-dose progestins and amino- 
glutethimide. A new approach for treatment of 
breast cancer could be the use of antiprogestins, 
compounds which were developed originally for 
the inhibition of progesterone-dependent pro- 
cesses as, for example, for interruption of preg- 
nancy. First studies in progesterone receptor 
positive mammary carcinoma cell lines showed, 
however, that the antiprogestin, Mifepristone 
(RU 486, Fig. 1), had an inhibitory effect on cell 
growth [1] and it also proved to have a growth- 
inhibiting effect on the DMBA-induced mam- 
mary carcinoma of the rat [2]. In a preliminary 
clinical trial with heavily-pretreated patients 
some did respond to treatment with RU 486 [3]. 

Whilst the natural configuration of the steroid 
skeleton is maintained in Mifepristone (Roussell 
Uclaf), a further group of antiprogestins has 
been developed in which the link between the C 
and D rings is cis rather than trans. Furthest 
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developed of die compounds in this group is 
Onapristone (ZK 98299, Schering AG), which 
has a somewhat stronger antiprogestagenk 
effect but reduced ^glucocorticoid activity 
when compared to Mifepristone [4]. 

In order to obtain an insight into the tumor- 
inhibiting potential of this new class of ami- 
pounds the effect of this antiprogestin was 
compared with that of Mifepristone in relevant 
experimental mammary carcinomas. The inten- 
tion was also to discover the mechanism of 
action underlying the tumor-inhibiting effect of 
antiprogestins, particularly because estrogens, 
but to a lesser degree, progestins are known 
to be responsible for the growth of hormone- 
dependent mammary carcinomas. Therefore, 
Onapristone (ZK 98.299) and Mifepristone (RU 
486) were compared with standard mammary 
carcinomas therapies in a number of different 
experimental arrangements with the hormone- 
dependent transplantable MXT(+)-mammary 
tumor of the mouse as well as with DMBA- ami 
NMU-induced mammary carcinomas of the rat. 
To clarify the mechanism of action of anti- 
progestins their effect on endocrine-dependent 
organs and their histology as well as on the 
morphologic reaction pattern of these tumors 
was investigated by means of light and electron 
microscopy. Moreover, a study on cell cycle 
kinetics of mammary tumors treated by various 
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CHj-CNj-CHjOH 



(RU 38486) 



(ZK 98299) 



Fig. I. Chemical structure of Onapristose (Sobering AO) and Mifepristone (RousseMJdaf). 



endocrine therapies including antiprogestins 
was performed. The importance of hormone 
deprivation and the importance of a mechanism 
of action unknown up to now for induction of 
die antiprogcstin tumor-inhibiting potency was 
investigated in detailed studies with MXT(+> 
mammary tumors in ovariectomized, hormone- 
substituted mice. 

INHIBITORY EFFECT ON EXPERIMENTAL 
MAMMARY TUMORS 

Hormone-dependent MXT(+)-mammary tumor 
of the mouse 

The antiprogestin Onapristone (5 mg/kg) was 
first compared with tamoxifen (5 mg/kg), and 
diethylstilbestrol (2.5 mg/kg) as a high-dose 
estrogen therapy and ovariectomy for its tumor- 
inhibiting effect on the hormone-dependent, 
estrogen and progesterone receptor positive 
MXT( + )-mammary tumor in the mouse. In the 
experimental system employed (prophylaxis 
model) treatment started immediately after 
implantation of 2 tumors per mouse and was 
carried out over a period of 6 weeks. Treatment 
with tamoxifen and DES resulted only in a 
retardation of tumor growth as compared with 
the intact control. Onapristone had a pro- 
nounced antitumor effect and caused a strong 
inhibition of tumor growth comparable to that 
after ovariectomy (Fig. 2). 

Because of this considerable effect an exper- 
imental arrangement was chosen in which treat- 
ment was started 3 weeks after implantation 
of the tumors (therapy of established tumors). 
In this experiment treatment with tamoxifen 
(4 mg/kg) for 3 weeks again led to a retardation of 
tumor growth, high-dose progestins (medroxy- 
progesterone acetate, 100 mg/kg, megestrol 
acetate,; 25 and 50 mg/kg) had no significant 
>effi^ ^hereas ovariectomy resulted in tumor 
inhibition of 70%. Onapristone and Mifepris- 
tone were tested in doses of I and 10 mg/kg. 



Onapristone and Mifepristone had a strong 
antitumor effect comparable to that of ovari- 
ectomy and significantly better than that of 
tamoxifen [5]. In a further study on established 
MXT( + Humors over a period of only 2 weeks 
the two antiprogestins were tested against 
tamoxifen (10 mg/kg) in doses of 50 mg/kg 
(Fig. 3). The antiestrogen again had only a weak 
inhibitory effect; but the two antiprogestins 
achieved an inhibitory effect even superior to 
that of ovariectomy [5J. This result is all the 
more remarkable because endogenous estrogens 
are generally considered responsible for 
the growth of hormone-dependent mammary 
carcinomas, progestins only to a secondary 
extent. 
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Fig. 2. Effect or Onapristone, tamoxifen, diethylstilbestrol 
(DES), and of ovariectomy on growth of the hormone 
dependent MXT(+)-mammary tumor of the mouse (pro* 
phylaxis model). Compounds were administered six times 
weekly s.c for 6 < 
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Fig. 3. Meet of Onapristone, Mifepristone and of ovari- 
ectomy on growth of established MXT(+)-mammary 
tumors of the mouse. Compounds were administered six 
times weekly ax. for 2 weeks. 

Hormone-dependent DMBA - and NMU -induced 
mammary carcinoma in the rat 

The dimethylbenzanthracene (DMBA*) in- 
duced mammary carcinoma of the rat was used 
to compare the two antiprogestins in doses of 
lOmg/kg daily s.c. with ovariectomy [5J. Four 
to 8 weeks following induction with 10 mg 
DMBA, the animals were allocated to individ- 
ual test groups if their largest tumor has a 
surface area of at least 150 mm 2 . Treatment of 
established tumors was performed for 4 weeks. 
Whilst tumor growth was progressive in the 
intact controls ovariectomy resulted in almost 
complete regression of the tumors. Treatment 
with Onapristone caused strong and very uni- 
form inhibition of tumor growth almost com- 
parable to that after ovariectomy, whereas 
therapy with Mifepristone resulted in an in- 
homogeneous tumor inhibition [5J. 

Both antiprogestins were further compared 
with ovariectomy using the nitrosomethyl 
urea (NMU-) induced mammary carcinoma £5J. 
This tumor differs from the DMBA-mammary 
ccrcinoma in its lesser degree of prolactin- 
dependence and its more aggressive growth. 
Seven to 14 weeks after induction by a single i.v 
injection of 50 mg/kg of NMU the animals were 
allocated to groups as in the DMBA model. 
Treatment of established tumors is carried out 
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over a period of 3 or 6 weeks. In contrast to 
the progressive growth in the intact controls, 
ovariectomy led to complete inhibition of die 
tumor. Therapy with 10 mg/kg Mifepristone led 
only to a non-significant retardation of tumor 
growth so that the animals had to be removed 
from the trial after 3 weeks (Fig. 4). Onapristone 
(10 mg/kg), however, caused a marked and 
highly significant tumor inhibition which 
enabled treatment to proceed for 6 weeks as it 
did with the ovariectomized animals [5]. 

To summarize* these antiprogestins have pro- 
nounced tumor-inhibiting effects in a number of 
different hormone-dependent mammary card* 
noma models. These effects are superior to those 
of tamoxifen and high-dose progestins and 
almost equal to the effect of ovariectomy. 

MECHANISM OF TUMOR INHIBITION 

According to theoretical considerations the 
mechanism of the tumor inhibiting potency 
of antiprogestins can depend on the following 



Antagonism of the effect of progesterone: 
classical antihormonal (="antiprogest- 
agenic") action; 

Blocking of pituitary and ovary function 
(antigonadotrophic activity); 
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Fig. 4. Effect of Onapristone, Mifepristone and of ovari- 
ectomy on growth of honnone-depemfenu MNU-indvoed 
nummary tumors of the SD-rat. Compounds were 
administered six times weekly sx. 
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Non-receptor-mediated cytotoxic effects; 
and 

Progesterone receptor-mediated blockade 
of tumor cell growth. 

In the following studies these possibilities were 
systematically examined. 

After treatment of the mammary carcinoma- 
bearing animals with Onapristone and Mifepri- 
stone an exact analysis of their effect on 
endocrine parameters was carried out [5, 6]. The 
studies revealed a stimulation of the pituitary 
and ovary function recorded in the activation of 
morphologic parameters (weight, number and 
histology of the corpora lutea) and increased 
levels of pituitary (prolactin, LH) and ovarian 
(estradiol, progesterone) hormones. Therefore, 
the tumor-inhibiting effect of the antiprogestins 
is not based on the blocking of pituitary and 
ovary function [6]. As a reaction to the acti- 
vation of the ovary functions the target organs, 
uterus, vagina and mamma, exhibited character* 
istic estrogen-dependent features. In the light of 
these estrogenic reactions the simultaneous inhi- 
bition of hormone-dependent mammary carci- 
nomas after administration of antiprogestins 
was even more surprising. 

This prompted enquiry into whether the 
action of antiprogestins is based on non- 
receptor-mediated cytotoxic effects. Tests in the 
hormone-independent, receptor negative MXT- 
OVEX mammary carcinoma of the mouse 
revealed no indication of tumor inhibition by 
non-receptor-mediated cytotoxicity fSJ. 

Important clues to the mechanism of action 
arose from studies with ovariectomized animals 
following hormonal substitution with an estro- 
gen and/or progestin and simultaneous adminis- 
tration of the antiprogestin Onapristone [7]. The 
hormone-dependent MXT(+)-tumor model of 
the mouse was chosen for these investigations. 
Hormone substitution was carried out on the 
day following tumor implantation. On substi- 
tution with a progestin (medroxyprogesterone 
acetate) in ovariectomized animals tumor 
growth was only marginally stimulated above 
Ithe^mf level found with ovariectomy alone. 
This provides a first indication that hormone 
deprivation hardly contributes to any great 
extent; to the tumor inhibiting capacity of 
antiprogesttns. In fact the slight stimulation by 
the progestin can only be influenced minimally 
by simultaneous administration of the anti- 
^^wtin Onapristone [7]. In substitution exper- 
imerits with estrogen (estradiol benzoatcMn 



contrast to substitution with progestins— tumor 
growth in ovariectomized animals was stimu- 
lated up to the level of intact controls [7] 
(Fig. 5). Surprisingly, this effect was completely 
antagonized by antiprogestins, even though no 
progestins were present in this experimental 
arrangement This result shows that the tumor 
inhibiting mechanism of the antiprogestins 
cannot primarily depend on a classical anti- 
hormonal (= an tiprogesta genie) effect or to pro- • 
gesterone deprivation. As the progesterone 
receptor content in mammary carcinomas is 
known to be strongly induced by administration 
of estrogens, the tumor inhibiting mechanism of 
antiprogestins depends on a progesterone recep- 
tor-mediated, as yet unknown effect. Further 
experiments with substitution of an estrogen 
and a progestagen in ovariectomized mice with 
MXT( + )-mammary carcinomas underline the 
importance of the progesterone receptor for 
the induction of tumor inhibition by anti- 
progestins [71- These experiments with different 
concentrations of a progestin dearly reveal that 
a tumor inhibiting activity of antiprogestins 
is only given if a sufficient concentration of 
available progesterone receptors is present This 
was also demonstrable using the human post- 
menopausal T61 mammary tumor implanted 
in nude mice. Only after stimulation of the 
parently low progesterone receptor content by a 
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Fig. 5. Effect or Onapristone (six times weekly s.c) on 
growth of MXT(+)-mammary tumors in ovariectomized, 
estradiol benzoate>8ubstituted mice. 
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low dose of estrogen, a tumor-inhibiting effect 
of antiprogestins was given [8]. 

In these estrogen (and progestin) substitution 
experiments as well as in all experiments in 
intact animals (MXT-, DMBA-, NMU-tumors) 
detailed light and electron microscopic 
studies of the tumors revealed that after admin- 
istration of antiprogestins the morphology was 
clearly distinguishable from that after ovari- 
ectomy [5-7]. Whilst necrobiotic degenerations 
are the characteristic features of mammary 
carcinomas following ovariectomy, those mam- 
mary carcinomas whose growth has been inhib- 
ited by antiprogestins display clear signs of 
differentiation. The outstanding feature of their 
morphology is the massive presence of acinar 
nodules which regularly are secretory activated. 
As regards the morphology of the mammary 
carcinomas in intact and ovariectomized ani- 
mals, all the light and electron microscopy 
findings in these tumor experiments support a 
concept of the induction of terminal differen- 
tiation in progesterone receptor positive mam- 
mary carcinomas after administration of 
antiprogestins. These findings show that a 
differentiation of polygonal, actively dividing 
individual cells to highly secretory, mitotically 
inactive dysplastic acini and glandular ducts 
takes place. It is well-known that in a large 
number of tissues the relationship between 
proliferation and differentiation— here: the 
performance of specific cell functions— is one 
of mutual exclusion. After loss of cell con- 
tact the epithelial cells of these acini regu- 
larly undergo cell death. The appearance of 
apoptoses may also be considered as a typical 
feature of programmed cell death. Thus, these 
tumor cells go through the complete physio- 
logical differentiation program after prolifer- 
ation commences. 

The treatment of experimental hormone de- 
pendent mammary tumors with antiprogestins 
induced an accumulation of cells in G 0 G, phase 
together with a significant and biologically 
relevant reduction in the number of cells in 
the S and G 2 M phase [9]. Interestingly, there 
are observations in some stem cell types that 
hormonal control of G, and cell differentiation 
are somehow linked and a differentiation 
specific arrest was already proposed. Keeping 
this in mind, the accumulation of the tumor 
ceils in G 0 G, may display differentiation and 
this correlates with all our quantitative light- 
and electron-microscopical data indicating 
that the antitumor action of antiprogestin is 



mainly related to the induction of terminal 
differentiation leading to cell death. 

We conclude that the tumor inhibiting 
capacity of antiprogestins is based on their 
ability to trigger the mechanism of terminal 
differentiation probably by removing the 
intrinsic block at the genomic site. In light of 
the tumor experiments conducted, this action 
of the antiprogestins depends on the presence of 
a sufficient number of available progesterone 
receptors. 

In consequence, in the clinical situation only 
progesterone receptor positive breast cancer 
patients should be selected for therapy with anti- 
progestins. According to the data obtained for 
the tumor inhibiting potency and mechanism of 
action of antiprogestins, these compounds are 
expected to provide an innovative and effective 
therapy for hormone dependent breast cancer. 
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Report 

Effect of antiprogestins and tamoxifen on growh inhibition of MCF-7 
human breast cancer cells in nude mice 

M. Fathy El Etreby and Yayun Liang 

Department of Surgery, Medical College of Georgia, Augusta, GA, USA 

Key words: antiestrogens (tamoxifen), antiprogestins (mifepristone, onapristone), breast cancer, MCF-7 cells, 
nude mice 

Summary 

This is the first report demonstrating an in vivo antitumor activity of antiprogestins (mifepristone, onapris- 
tone) alone and in combination with tamoxifen in the MCF-7 human breast cancer model. The MCF-7 cells 
produced progressive growing tumors in female nude mice supplemented with 17(3-estradiol. T\imor regres- 
sion was observed following either estrogen ablation alone or estrogen ablation in combination with tamoxi- 
fen. Monotherapy with tamoxifen or antiprogestins caused a retardation of estrogen-induced tumor progres- 
sion. Complete inhibition or prevention of tumor growth occurred as a result of simultaneous administration 
of mifepristone and tamoxifen. The addition of mifepristone in this combination treatment was also effective 
in delaying or preventing tumor escape (relapse) from the antiestrogenic (antitumor) effect of tamoxifen. 
These results suggest a potential clinical benefit of adding an antiprogestin to antiestrogen therapy of breast 
cancer patients. 



Introduction 

A new approach for treatment of hormone-de- 
pendent breast cancer could be the use of antiprog- 
estins, a new class of compounds (progesterone an- 
tagonists) which were developed originally for in- 
hibition of progesterone-dependent processes (e.g. 
termination of pregnancy) [1], In preliminary clin- 
ical studies, some breast cancer patients responded 
to treatment with the antiprogestin mifepristone 
(RU 486, Roussel Uclaf/Population Council). The 
beneficial effects were observed mainly in patients 
with progesterone (PR) and estrogen (ER) recep- 
tor positive (+) tumors [2-4]. Robertson et al [5] 
have conducted a clinical study using the anti- 
progestin onapristone (ZK 98.299, Schering 



AG-100 mg/day) as a first-line endocrine therapy in 
either patients with locally advanced breast cancer 
(n = 12) or elderly patients with primary metastatic 
disease (n = 7). Seventeen of the 19 tumors ex- 
pressed estrogen receptors. 56% of treated patients 
showed partial remission and 11% showed a static 
disease, giving an overall tumor remission rate of 
67% [5]. 

While the antitumor activity of antiprogestins in 
rodent mammary tumor models has been the sub- 
ject of intense research [2, 6-14], their effect in in 
vivo human breast cancer models has received 
much less attention [9, 12]. The authors could not 
find any published data demonstrating that anti- 
progestins will inhibit the hormone-dependent ER 
(+) and PR (+) MCF-7 human breast cancer model 
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in nude mice. This human breast cancer model sys- 
tem has been used frequently to test the antitumor 
activity and mechanism of action of estrogen abla- 
tion and antiestrogen treatment [15-20]. Therefore, 
our objective in this study was to compare the anti- 
tumor activity of antiprogestins (mifepristone, ona- 
pristone) with that of tamoxifen or the combination 
of both utilizing the MCF-7 human breast cancer 
cell line inoculated into female nude mice supple- 
mented with 17(5 estradiol. The effect of estrogen 
withdrawal (ablation) alone and in combination 
with tamoxifen treatment was also determined to 
evaluate the contribution of the antihormone (anti- 
estrogen/antiprogestin) effect versus estrogen abla- 
tion. In this paper, results are presented to demon- 
strate for the first time an antitumor activity of anti- 
progestins alone and in combination with tamoxi- 
fen in the MCF-7 human breast cancer model in 
nude mice. 



Materials and methods 

Cell line and tumor growth 

The MCF-7 human breast cancer cells (passage 
number 149) were obtained from American Type 
Culture Collection (ATCC), Rockville, MD. The 
cells were cultured in Dulbecco's Modified Eagle 
medium (DMEM), low glucose, containing 1 mM 
sodium pyruvate, 10 jig/mi bovine insulin, and 10% 
fetal bovine serum. They were maintained at 37° C, 
5% C0 2 incubator. The MCF-7 cells (5 x 10 6 cells) 
were inoculated subcutaneously (s.c.) into the right 
flank of 6- to 8-week old intact female nude mice 
(BALB/c, nu/nu: Harlan, Indianapolis, IN). One 
day before inoculation of MCF-7 cells, the animals 
were implanted with 17P-estradiol (E 2 ) pellets (In- 
novative Research of America, Sarasota, FL) into 
the left flank. Different E 2 pellets were used in the 
various experiments (0.72 or 1.7 mg E 2 /pellet for 60 
or 90 days release) to maintain a constant high se- 
rum E 2 level for the duration of the experiments 
(see Results). The nude mice were examined for tu- 
mors by palpation. Tumor size was measured in 
three dimensions in millimeters once or twice 
weekly and tumor volumes were calculated accord- 



ing to the known formula: Volume = n/6 x 
[Length x Width x Height] and expressed in cubic 
millimeters (k = 3.1416). In all experiments, caliper 
measurement of tumor volume was performed in a 
blinded fashion (without knowledge of the differ- 
ent experimental groups) by two independent in- 
vestigators. The tumors were permitted to grow in 
the presence of the E 2 pellets until they reached a 
volume of about 160-350 mm 3 . The initial tumor 
volume (at the start of treatment) was different in 
our various experiments. This variable, as well as 
other specific conditions (e.g. E2 pellets, number of 
tumor-bearing animals, etc.) of each experiment, 
are given in the legends of the figures, in the tables, 
and/or in the results of the different nude mouse ex- 
periments. 

Experimental design 

The animals were randomly assigned to different 
experimental groups of 3-5 animals each. A posi- 
tive control group retained the E 2 pellets to allow 
continued tumor growth. E 2 pellets were removed 
in some groups to inhibit tumor growth (estrogen 
ablation) by puncturing the skin and retrieving the 
pellet with forceps. The other groups retained the 
E 2 pellets and were treated with mifepristone, ona- 
pristone (both generously provided by Schering 
AG, Berlin, Germany), tamoxifen, or their combi- 
nations. The treatments were continued for either 
17 or 35 days (5 weeks) in various experiments. The 
animals in the antiprogrestin treatment groups re- 
ceived mifepristone (50 mg/kg/day s.c.) or onapris- 
tone (30 mg/kg/day s.c.) suspended in 0.1 ml vehicle 
(0.1 ml ethanol, 0.0625 ml Tween 80, and 0.8375 ml 
0.9% NaCl). The animals in the tamoxifen treat- 
ment groups received a tamoxifen pellet (15 mg/ 
pellet) for 60 days release of 10 mg/kg/day (Innova- 
tive Research of America, Sarasota, FL). Control 
animals and animals in the tamoxifen monotherapy 
groups were treated daily with 0.1 ml of the above- 
mentioned vehicle s.c. To test the estrogen depend- 
ency of our MCF-7 tumor model system, a few ani- 
mals were implanted with the E 2 pellets to allow 
continuous tumor progression, then the E 2 pellets 
were removed. Tumor regression was followed by 
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caliper measurement of tumor volume once weekly 
as described above. After the tumors became un- 
payable for different periods of time (up to several 
months), reimplantation of the E 2 pellets was per- 
formed on these same animals to study the effect of 
estrogen-resubstitution on tumor growth. These cy- 
cles of E 2 pellet supplementation and E 2 pellet re- 
moval were repeated several times. At the end of 
the experiments, all animals were sacrificed by spi- 
nal elongation and the tumors were harvested and 
wet weights determined. Percentage inhibition of 
tumor volume or tumor weight was calculated ac- 
cording to the formula: T-C/C x 100 (T = treatment, 
C = Control). 

Statistical analysis 

Differences among groups for the antitumor activ- 
ity were tested using one-way analysis of variance 
(ANOVA) with repeated measures over time. The 
assumption of analysis of variance was examined 
and nonparametric tests based on ranks used if 
needed. Values for tumor volume and tumor weight 
were reported as means ± standard errors of the 
mean (SEM). When ANOVA indicated significant 
treatment effects (F-ratio, P < 0.05), the Student- 
Newman-Keuls multirange test was employed to 
compare individual treatment means. 

j 

Results 

Effect of estrogen supplementation, estrogen 
ablation, and/or tamoxifen treatment 

In a first experiment to test the estrogen-depend- 
ency of our MCF-7 tumor model system, the MCF-7 
tumors showed a slow growth pattern in the pres- 
ence of E 2 pellets (0.72 mg E 2 /pellet to maintain se- 
rum E 2 levels between 300-400 pg/ml for 60 days). 
These tumors were permitted to grow for almost 8 
weeks after subcutaneous injection of the MCF-7 
cells in nude mice until they reached an average tu- 
mor volume of about 160 mm 3 . In the control group, 
E 2 supplementation induced a significant time-de- 
pendent tumor progression. The average tumor 



volume increased from about 160 mm 3 (at start of 
treatment) to about 800 mm 3 after 5 weeks of con- 
tinuous estrogen stimulation. Tamoxifen (10 mg/kg/ 
day) caused a retardation of the E 2 -induced tumor 
progression. At the end of treatment, tamoxifen in- 
duced approximately 50% inhibition of tumor 
growth, However, this inhibition was not signifi- 
cantly different (P > 0.05) as compared with the E 2 
control group (Figure 1 and Table 1). In the group of 
animals in which the E 2 pellets were removed, es- 
trogen ablation (withdrawal) induced 86 or 88% in- 
hibition of tumor growth as compared with the E 2 
control group (P < 0.05). The combination of ta- 
moxifen treatment and estrogen withdrawal result- 
ed in slightly more tumor growth inhibition as com- 
pared with estrogen ablation alone. However, the 
extent of inhibition of tumor volume and tumor 
weight in this combination group was only signif- 
icantly different (P < 0.05) as compared with the E 2 
control group (see Table 1). In all treatment groups 
(except the E 2 control), a slight decrease in tumor 
volume (tumor regression) was observed for the 
first few days of treatment. This tumor regression 
continued in both groups treated by estrogen abla- 
tion alone or estrogen ablation in combination with 
tamoxifen. The average tumor volume in these two 
groups at the end of the 5 weeks of treatment was 
113 or 78 mm 3 , clearly below the initial tumor vol- 
ume at the start of treatment (about 160 mm 3 ). On 
the contrary, in the group treated with tamoxifen 
alone, the transient tumor regression was followed 
with a progressive increase in tumor volume (re- 
lapse), indicating an escape from the (antiestrogen) 
antitumor effect of tamoxifen. 

The estrogen-dependency of this model was con- 
firmed also by implanting the E 2 pellets in a few ani- 
mals to allow continued tumor growth for several 
weeks. When the E 2 pellets were removed tumor 
growth was inhibited significantly and after about 
10 weeks the tumors became unpalpable. After dif- 
ferent periods of time (up to several months), the 
reimplantation of the E 2 pellets caused these tu- 
mors to regrow again and become palpable (data 
not shown). We repeated these E 2 supplementation 
and E 2 withdrawal cycles several times and the re- 
sults were reproducible. The tumors disappeared 
with estrogen withdrawal and growth resumed with 
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Figure I Effect of 35 days of estrogen ablation (- Ej) and/or ta- 
moxifen (TAM) treatment on the growth of MCF-7 tumors in 
nude mice. This experiment consisted of the following four 
groups: (1) a positive control group retaining the E, pellets 
control), (2) an estrogen ablation group in which the Ej pellets 
were removed (- E^, (3) a tamoxifen treatment group retaining 
the E 2 pellets and receiving a tamoxifen pellet (15 mg/pellet) for 
61) days release of 10 mg/kg/day (E 2 + TAM), and (4) an Eola- 
tion (E 2 pellets were removed) group which also received the 
same tamoxifen pellet as described above (- E 2 + TAM). Seven- 
teen tumor-bearing mice were included in this experiment. 

estrogen supplementation. These results confirm 
the estrogen-dependency of our MCF-7 tumor 
model system and clearly indicate that tumor cells 
remained viable despite prolonged estrogen depri- 
vation. Similar observations were made before [15]. 



Effect of mifepristone and/or tamoxifen treatment 

In a second experiment, we compared the antitu- 
mor activity of mifepristone with that of tamoxifen 
and the combination of both. The MCF-7 tumors 
showed a rapid growth pattern in this experiment. 
These tumors were permitted to grow for only 
about 3 weeks after subcutaneous inoculation of tu- 
mor cells in nude mice (in the presence of the E 2 
pellets: 1.7 mg E 2 /pellct to maintain serum E 2 levels 
above 900 pg/ml for 60 days) until they reached an 
average tumor volume of about 200 mm 3 . In the 
control group, E 2 supplementation induced a signfi- 
cant time-dependent rapid tumor progression. The 
average tumor volume increased from about 
200 mm 3 (at start of treatment) up to about 
750 mm 3 after 5 weeks of continuous estrogen stim- 
ulation. In all treatment groups (except the E 2 con- 
trol), a slight decrease in initial tumor volume (tu- 
mor regression) was observed for the first few days 
of treatment. In the tamoxifen and mifepristone 
monotherapy groups, this initial tumor response 
was followed by a progressive increase in tumor vol- 
ume (relapse) indicating an escape from the anti- 
tumor effect of tamoxifen or mifepristone. Never- 
theless, the administration of tamoxifen (10 mg/kg/ 
day) or mifepristone (50 mg/kg/day) as monother- 
apy, induced a significant retardation of tumor 
growth. At the end of treatment, monotherapy in- 
duced about 50% inhibition of tumor volume as 
compared with the E 2 control group (P < 0.05) (Fig- 
ure 2 and Table 2). The inhibition of tumor volume 



Table l Effect of estrogen supplementation (17P-estradiol = E, control), estrogen ablation (- Ej), and/or tamoxifen (TAM) treatment on 
growth of MCF-7 tumors in nude mice 

Groups Results after 5 weeks of treatment 

Average tumor volume % Inhibition Average tumor weight (mg) % Inhibition 

(mm 3 )' 



E, control 8011311 914 ±308 

Ej+TAM 363 ±33 55 451 ± 69 51 

-E^E, ablation) 113±42 b 86 113±47 b 88 

- E 2 + TAM 78±16 b 90 (31/79) c 82±24 b 91(27/82)' 

For details of experimental design see Figure 1. Mean ± S.E.M. 

0 = Initial average tumor volume at the start of treatment was about 160 mm 3 . 

b = Significant difference (P < 0.05) as compared with E 2 control. 

c = Numbers between brackets are % inhibition as compared with R 2 ablation or E 2 + TAM groups. 
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Figure 2. Effect of 35 days of treatment with tamoxifen (TAM), 
mifepristone (MIF), and their combination on estrogen (17p-es- 
tradiol = EJ-induced rumor growth of MCF-7 tumors in nude 
mice. All animals retained the E2 pellet and were randomly as- 
signed to 4 groups: (1) a control group receiving the vehicle s.c. 
(E^ control), (2) a tamoxifen treated group receiving 15 mg ta- 
moxifen/pellet which is releasing 10 mg/kg/day + the vehicle s.c. 
(E^ + TAM), (3) a mifepristone treated group receiving 50 mg/ 
kg/day s.c. (E 2 + MIF), and (4) a combination group treated with 
the same tamoxifen pellet in combination with mifepristone in 
the same dose as in group 3 (E 2 + TAM + MIF). T\venty tumor 
bearing mice were included in this experiment. 



and tumor weight was amplified to 70 or 74% by 
simultaneous administration of tamoxifen and mi- 
fepristone. The effect of the various drug treat- 
ments on the reduction of tumor volume started to 
become significantly different (p < 0.05) from the 
control group as early as 8 days after the start of 
treatment. The antitumor activity in the combina- 
tion group resulted in complete growth inhibition 
delaying or preventing the escape phenomenon (re- 
lapse) for about 5 weeks. These results suggest that 
mifepristone (50 mg/kg/day) in combination with 
tamoxifen (10 mg/kg/day) was slightly more effec- 
tive as compared with tamoxifen (10 mg/kg//day) or 
mifepristone (50 mg/kg/day) monotherapy in this 
particular experiment. However, the extent of in- 
hibition in this combination group was only signif- 
icantly different (P <0.05) from the E 2 control 
group (see Table 2). 

Effect of mifepristone, onapristone, and/or 
tamoxifen treatment 

In a third experiment, the antitumor activity of anti- 
progestins (mifepristone and onapristone), tamoxi- 
fen and their combination was tested. The MCF-7 
tumors showed a rapid growth pattern in this ex- 
periment in the presence of E 2 pellets (1.7 mg E 2 / 
pellet to maintain serum E 2 levels at about 500- 
600 pg/ml for 90 days). These tumors were permit- 
ted to grow for about 8 weeks after subcutaneous 



Table 2. Effect of tamoxifen (TAM), mifepristone (MIF), and their combination on estrogen- (17 (5-estradiol = EJ induced growth of 
MCF-7 tumors in nude mice 



Groups Results after 5 weeks of treatment 

Average tumor volume % Inhibition Average tumor weight % Inhibition 

(mm 3 ) 8 (mg) 



E 2 control 

E 2 + TAM 

E 2 + MIF 

E 2 + TAM + MIF 



752 ± 17 
384±115 b 
376±188 b 
223 ± 12* 



49 
50 

70 (42/41) d 



1013 ±302 
506 ±216 
607 ±34 
266 ± 5* 



51 
40 

74 (47/56) d 



For details of experimental design see Figure 2. Mean ± S.E.M. 

0 = Initial average tumor volume at the start of treatment was about 200 mm 3 . 

b = Significant difference (P < 0.05) as compared with the control group. 

c = Difference between combination and single drug treatments is not statistically significant. 

d = Numbers between brackets are % inhibition as compared with tamoxifen or mifepristone monotherapy group. 
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Figure 3. Effect of 17 days of treatment with tamoxifen (TAM), 
mifepristone (MIF), and their combination on estrogen (17(i-es- 
tradiol = ly-induced tumor growth of MCF-7 tumors in nude 
mice. All animals retained the E 2 pellet and were randomly as- 
signed to 4 groups: (1) a control group receiving the vehicle s.c. 
(Ej control), (2) a tamoxifen treated group receiving 15 mg ta- 
moxifen/pellet which is releasing 10 mg/kg/day, + the vehicle s.c. 
(Ej + TAM), (3) a mifepristone treated group receiving 50 mg/ 
kg/day s.c. (E 2 + MIF), and (4) a combination group treated with 
the same tamoxifen pellet in combination with mifepristone in 
the same dose as in group 3 (E 2 + TAM + MIF). The rest of the 
results of this experiment are shown in Figure 4. Twenty-six tu- 
mor-bearing mice were included in this experiment. 



Figure 4, Effect of 17 days treatment with tamoxifen (TAM), 
onapristone (ONA), and their combination on estrogen (17P-es- 
tradiol = EJ-induced tumor growth of MCF-7 tumors in nude 
mice. All animals retained the Ej pellet and were randomly as- 
signed to 4 groups: (1) a control group receiving the vehicle s.c. 
(E 2 control), (2) a tamoxifen treated group receiving 15 mg ta- 
moxifen/pellet which is releasing 10 mg/kg/day + the vehicle s.c. 
(E 2 + TAM), (3) an onapristone treated group receiving 30 mg/ 
kg/day s.c. (E^ + ONA), and (4) a combination group treated 
with the same tamoxifen pellet in combination with onapristone 
in the same dose as in group 3 (E 2 + TAM + ONA). The rest of 
the results of this experiment are shown in Figure 3. Twenty-six 
tumor-bearing mice were included in this experiment. 



injection of the tumor cells in nude mice until they 
reached an average tumor volume of about 
350 mm 3 . In the control group, E 2 supplementation 
induced a significant time-dependent rapid tumor 
progression. The average tumor volume increased 
from about 350 mm 3 (at start of treatment) to about 
860 mm 3 after only 17 days of continuous estrogen 
stimulation. The administration of tamoxifen 
(10 mg/kg/day), mifepristone (50 mg/kg/day), or 
onapristone (30 mg/kg/day) for 17 days as a mono- 
therapy induced approximately 30 or 40% inhib- 
ition of tumor growth (P < 0.05) as compared with 
the E 2 control group (Figures 3 and 4 and Table 3). 
This tumor inhibition was slightly amplified by the 
simultaneous administration of mifepristone in 
combination with tamoxifen. This combination 
treatment resulted in complete growth inhibition of 



these rapid growing MCF-7 tumors in nude mice 
(see Figure 3 and Table 3). In this experiment, both 
tumor volume and tumor weight at the end of the 
treatment was significantly different (P < 0.05) in all 
treated groups as compared with the control group 
(see Table 3). Most probably due to the large tumor 
volume at the start of treatment (300-400 mm 3 ) and 
due to their rapid growth under estrogen stimula- 
tion, no treatment-related transient tumor regres- 
sion was observed. However, the first measurement 
of tumor volume in this experiment was one week 
after the start of treatment, so that we may have 
missed the transient tumor regression phase, which 
could have been observed within the first few days 
of treatment. 
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Discussion 

This is the first report demonstrating an antitumor 
activity of antiprogestins (mifeprislone/onapris- 
tone) alone and in combination with tamoxifen in 
the MCF-7 human breast cancer model in nude 
mice. Our results were consistent and reproducible 
in two different experiments, independent of the 
initial tumor load at the start of treatment and the 
rate of tumor growth and progression. The estro- 
gen-dependency of our MCF-7 tumor model was 
clearly evident in all our experiments. In agreement 
with many previously published studies [15-20], 
progressively growing tumors were produced only 
when the animals were supplemented with exog- 
enous E 2 . Without estrogen supplementation, no 
tumor growth was observed in our intact female 
nude mice, most probably due to low estrogen lev- 
els, unable to support the growth of the MCF-7 tu- 
mors. Also, the extent of tumor growth in control 
animals was different in various experiments, de- 
pending on the type of the E 2 pellets used and the 
serum E 2 levels maintained (see Figures 1-4). Fur- 
thermore, in this and other investigations [16-18], 
tumor regression was observed as a result of estro- 
gen ablation. In our study, the tumor regression as a 
result of the removal of the E 2 pellets could also be 
slightly amplified by the simultaneous administra- 
tion of tamoxifen. On the contrary, in a previous 



study estrogen ablation and/or antiestrogen treat- 
ment resulted only in cessation of tumor growth, 
but not in tumor regression [15]. However, other 
groups reported, in agreement with our results, a 
rapid reduction in the MCF-7 tumor volume in 
nude mice treated by estrogen withdrawal and/or 
tamoxifen [19, 20]. 

Based on our own previously published studies 
and in agreement with data of other investigators, 
the addition of tamoxifen or a pure antiestrogen 
(ICI 164,384) to the antiprogestin (mifepristone, 
onapristone, etc.) treatment showed a striking addi- 
tive antitumor effect in several rodent hormone-de- 
pendent breast cancer models [2, 10, 11, 13]. Using 
the MCF-7 human breast cancer model in nude 
mice, our data in the present investigations also 
shows that the combination of tamoxifen and mi- 
fepristone completely prevents or abolishes tumor 
growth, while monotherapy results only in inhib- 
ition of tumor growth as compared with the estro- 
gen-treated controls. Moreover, there is a good evi- 
dence that the simultaneous administration of mi- 
fepristone in combination with tamoxifen is effec- 
tive in delaying or preventing tumor escape 
(relapse) from the antiestrogenic (antitumor) effect 
of tamoxifen. These results mimic the clinical sit- 
uation and suggest that: (a) adjuvant treatment by 
antiprogestins in combination with tamoxifen may 
prevent tumor escape, which usually develops after 



Table 3. Effect of tamoxifen (TAM), mifepristone (MIF), onapristone (ONA), and their combinations on estrogen-(17(3-estradiol = EJ 
induced growth of MCF-7 tumors in nude mice 



Groups Results after 17 days of treatment 



Average tumor volume % Inhibition Average tumor weight % Inhibition 

(mm 3 ) 8 (mg) 



E 2 Control 

E, + TAM 

E 2 + MIF 

E 2 + ONA 

E 2 + TAM + MIF 

Ej 4- TAM + ONA 



863 ±41 
515 ± 128 b 
512±32 b 
464±117 b 
325±21 b * c 
403 ±76^ 



40 
41 
46 

62 (37/37) d 
53(21/13) d 



1013 ± 137 
605±185 b 
700 ±20 b 
644±103 b 
465±22 bx 
576 ±34* 



40 
31 
36 

53 (22/32) d 
43(5M)* 



For details of experimental design see Figures 3 and 4. Mean ± S.E.M. 

a = Initial average tumor volume at the start of treatment was about 350 mm 3 . 

b = Significant difference (P < 0.05) as compared with the control group. 

c = Difference between combination and single drug treatments is not statistically significant. 

d = Numbers between brackets are % inhibition as compared with tamoxifen or the corresponding antiprogestin monotherapy groups. 
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a long-term treatment with tamoxifen, and (b) the 
antitumor effect of tamoxifen can be enhanced by 
simultaneous administration of antiprogestins. This 
may increase the rate and magnitude of the clinical 
response, reduce malignant progression and re- 
lapse, as well as increase the survival of breast can- 
cer patients. These assumptions have been recently 
strengthened by results of in vitro studies from our 
laboratories. In these studies, MCF-7 cells growing 
in culture were used to explore the mechanism of 
the antiproliferative activity of mifepristone, as 
compared with 4-hydroxytamoxifen or the combi- 
nation of both. These steroid antagonists induced a 
significant time- and dose-dependent cell growth 
inhibition (cytotoxicity). This inhibition of cell sur- 
vival was associated with a significant increase in 
DNA fragmentation (apoptosis), downregulation 
of bcl 2 , and induction of TGF3! protein [21]. Abro- 
gation of the mifepristone- and/or 4-hydroxyta- 
moxifen-induced cytotoxicity by TGFPi neutraliz- 
ing antibody confirms the correlation between in- 
duction of active TGFPj and subsequent cell death 
[21]. The effect of a combination of mifepristone 
and 4-hydroxytamoxifen on cell growth inhibition, 
on the increase in DNA fragmentation, bcl 2 down- 
regulation and induction of TGF(3, protein was ad- 
ditive and significantly different (P < 0.05) from the 
effect of monotherapy [21]. A translocation of pro- 
tein kinase C (PKC) activity from the soluble to the 
particulate and/or nuclear fraction appeared to be 
also additive in cells treated with a combination of 
both 4-hydroxytamoxifen and mifepristone [21]. 
These results suggest that the mechanism of the ad- 
ditive antiproliferative activity of mifepristone and 
tamoxifen could be explained at least in part by an 
additive induction of apoptosis in both ER and PR 
positive MCF-7 breast cancer cells. A bcl 2 downreg- 
ulation, the PKC transduction pathway, and TGFJ3 X 
expression seem to be involved in this additive 
mechanism of action [21] . However, all clinical trials 
of concurrent combination endocrine therapy in 
breast cancer have so far not shown a confirmed 
evidence of increase either in the mean duration of 
remission or survival. Therefore, sequential endo- 
crine therapy has been preferred because it keeps 
some effective therapy in reserve and may also de- 
lay the onset of tumor autonomy [22, 23]. Further- 



more, there are no clinical data supporting that 
combinations of antiestrogens and antiprogestins 
should be better than monotherapy. Therefore, a lot 
of caution is needed in extrapolations of data from 
our experimental models to the clinical situation. 
Also, the precise molecular biochemical mecha- 
nism of the in vivo growth inhibitory effect of ta- 
moxifen versus mifepristone in the MCF-7 tumor 
model needs to be clarified in future studies. These 
studies are currently going on in our laboratories 
using the breast cancer tissue harvested from the 
different nude mouse experiments described in this 
publication. 
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Bel - 2 family proteins are key regulators of programmed cell death 
or apoptosis that is implicated in many human diseases, particularly 
cancer. In recent years, they have attracted intensive interest in both 
basic research to understand the fundamental principles of cell survival 
and cell death and drug discovery to develop a new class of anticancer 
agents. The Bel - 2 family includes both anti- and pro-apoptotic 

proteins with opposing biological functions in either inhibiting or 
promoting cell death . High expression of anti-apoptotic members such as 
Bel - 2 and Bel - XL commonly found in human cancers contributes to 
neoplastic cell expansion and interferes with the therapeutic action of 
many chemotherapeutic drugs. The functional blockade of Bel - 2 or Bel - 
XL could either restore the apoptotic process in tumor cells or sensitize 
these tumors for chemo- and radiotherapies. This article reviews the recent 
progress in the design and discovery of small molecules that block the 
anti-apoptotic function of Bel - 2 or Bel - XL . These chemical 
inhibitors are effective modulators of apoptosis and promising leads for 
the further development of new anticancer agents. 
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We investigated the growth inhibitory activity of several flavonoids, 
including apigenin, luteolin, kaempherol, quercetin, butein, 
isoliquiritigenin, naringenin, genistein, and daizein against B16 mouse 
melanoma 4A5 cells. Isoliquiritigenin and butein, belonging to the chalcone 
group, markedly suppressed the growth of B16 melanoma cells and induced 
cell death. The other flavonoids tested showed little growth inhibitory 

activity and scarcely caused cell death . In cells treated with 
isoliquiritigenin or butein, condensation of nuclei and fragmentation of 
nuclear DNA, which are typical phenomena of apoptosis, were observed by 
Hoechst 33258 staining and by agarose gel electrophoresis of DNA. 
Flowcytometric analysis showed that isoliquiritigenin and butein increased 
the proportion of hypodiploid cells in the population of B16 melanoma 
cells. These results demonstrate that isoliquiritigenin and butein inhibit 
cell proliferation and induce apoptosis in B16 melanoma cells. 
Extracellular glucose decreased the proportion of hypodiploid cells that 
appeared as a result of isoliquiritigenin treatment. p53 was not detected 
in cells treated with either of these chalcones, however, protein of the 

Bcl - 2 family were detected. The level of expression of Bax in cells 
treated with either of these chalcones was markedly elevated and the level 
of Bcl - XL decreased slightly. Isoliquiritigenin did not affect Bcl - 2 

expression, but butein down-regulated Bcl - 2 expression. From these 
results, it seems that the pathway by which the chalcones induce apoptosis 
may be independent of p53 and dependent on proteins of the Bcl - 2 

family . It was supposed that isoliquiritigenin induces apoptosis in B16 
cells by a mechanism involving inhibition of glucose transmembrane 
transport and promotion of Bax expression. On the other hand, it was 
suggested that butein induces apoptosis via down-regulation of Bcl - 2 
expression and promotion of Bax expression. This mechanism differs from the 
isoliquiritigenin induction pathway. 
. . . 2000 , 
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Bcl-x (L), an antiapoptotic Bcl - 2 family member, is postulated to 
function at multiple stages in the cell death pathway. The possibility that 
Bcl-x (L) inhibits cell death at a late (postmitochondrial ) step in the 
death pathway is supported by this report of a novel apoptosis inhibitor, 
Aven, which binds to both Bcl-x (L) and the caspase regulator, Apaf-1. 
Identified in a yeast two-hybrid screen, Aven is broadly expressed and is 
conserved in other mammalian species. Only those mutants of Bcl-x (L) that 
retain their antiapoptotic activity are capable of binding Aven. Aven 
interferes with the ability of Apaf-1 to self-associate, suggesting that 
Aven impairs Apaf-l-mediated activation of caspases. Consistent with this 
idea, Aven inhibited the proteolytic activation of caspases in a cell-free 
extract and suppressed apoptosis induced by Apaf-1 plus caspase-9. Thus, 
Aven represents a new class of cell death regulator. 
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The antiapoptotic Bel - 2 family proteins Bel - 2 and Bel - xL play 
important roles in inhibiting mitochondria-dependent extrinsic and 
intrinsic cell death pathways. It seems that these two proteins have 
distinct functions for inhibiting extrinsic and intrinsic cell death 

pathways. The overexpression of Bel - 2 is able to inhibit not only 
apoptotic cell death but also in part nonapoptotic cell death, which has 
the role of cell cycle arrest in the Gl phase, which may promote cellular 
senescence. The overexpression of Bel - 2 may also have the ability to 
enhance cell death in the interaction of Bel - xL with other factors. The 
overexpression of Bel - xL enhances autophagic cell death when 
apoptotic cell death is inhibited in Bax (-/-) /Bak {-/-) double knockout 
cells. This review discusses the previously unexplained aspects of Bel - 2 

and Bel - xL functions associated with cell death, for better 
understanding of their functions in the regulation. 
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Neutrophil apoptosis is delayed under trauma and/or sepsis injury 
conditions. The molecular mechanism for the delay in apoptosis has not been 
well defined. We investigated whether activation of phosphatidyl inositol 
3-kinase ( PI3-kinase) /PKB signaling pathway contributes to the delay in 
neutrophil apoptosis with thermal injury. Rats were subjected to burns (30% 
total body surface area, 98 degrees C for 10 s) , and euthanized 24 h later. 
Blood neutrophils were isolated with the use of Ficoll gradient 
centrifugation and cultured for the indicated time periods. Apoptosis was 
determined using annexin V and PI labeling and flow cytometry. NF-kappaB 
activation was examined using gel mobility shift assay and confocal 
microscopy. Expression levels of inhibitory apoptosis proteins (IAPs), 
including cellular IAP1 (cIAPl), cIAP2, X-linked IAP (XIAP) , and survivin, 
and Bel - 2 family members such as Bel - xl and Bad, were determined by 
Western blot analysis and/or RT-PCR, real-time PCR. The results showed that 
in culture, the decrease in apoptosis of neutrophils from thermally injured 
rats was prevented in the presence of PI3-kinase inhibitors wortmannin and 
LY-294002. There was upregulation of PKB and Bad phosphorylation and 
NF-kappaB activation in N-f ormyl-l-methionyl-l-leucyl-l-phenylalanine-stimu 
lated neutrophils from thermally injured rats compared with the sham 
injured group. Increased Bad phosphorylation and NF-kappaB activation were 
also attenuated by wortmannin. Bel - xl expression in neutrophils was 
upregulated with thermal injury and inhibited in the presence of 
wortmannin. However, the expression of IAP family members was neither 
affected by thermal injury nor inhibited by wortmannin. These data suggest 
that the delay in neutrophil apoptosis with thermal injury is partly caused 
by activation of PI3-kinase/PKB signaling and NF-kappaB, which appeared to 
be related to the increased Bel - xl expression and phosphorylation of 
Bad, but not IAP expression. 

... apoptosis proteins (IAPs), including cellular IAP1 (cIAPl ) , . cIAP2 , 
X-linked IAP (XIAP), and survivin, and Bel - 2 family members such as 
Bel - xl and Bad, were determined by Western blot analysis and/or RT-PCR, 
real-time PCR. . . 

... sham injured group. Increased Bad phosphorylation and NF-kappaB 
activation were also attenuated by wortmannin. Bel - xl expression in 
neutrophils was upregulated with thermal injury and inhibited in the 
presence of wortmannin. . . 

. . . PI3-kinase/PKB signaling and NF-kappaB, which appeared to be related to 
the increased Bel - xl expression and phosphorylation of Bad, but not IAP 
expression . 
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The survival of I L- 6 -dependent myeloma cells critically relies on their 
capability to transit the Gl to S phase interval of the cell cycle. 

Cote Serge; Lemieux Real; Simard Carl 

Departement de Recherche et Developpement , Hema-Quebec, Sainte-Foy, QC, 
Canada, scote@hema-quebec.qc.ac 

Cellular signalling (England) May 2005, 17 (5) p615-24, ISSN 

0898-6568 — Print Journal Code: 8904683 

Publishing Model Print 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: MEDLINE; Completed. 

Interleukin-6 (IL-6) has an essential role in the initial progression of 
myeloma cell tumours. IL-6 triggers proliferation of these cells via the 
Ras-mitogen-activated protein kinase (MAPK) cascade and is thought to 
promote their survival via signal transducer and activator of transcription 
(STAT) pathway-dependent regulation of Bel - 2 family antiapoptotic 
members. Using IL-6-dependent murine B9 hybridoma/plasmacytoma cells , we 
here report that exiting the cell cycle Gl phase is a crucial step 
contributing to maintain viability. We show that (1) drug-mediated 
reversible Gl arrest triggered apoptosis despite the presence of IL-6; (2) 
a short IL-6 pulse to Gl-arrested cells was sufficient to induce S phase 
entry and prevent apoptosis; and (3) phorbol ester and related derivatives 
promoted S phase entry and survival of IL-6-starved cells without 
up-regulating bcl - XL expression. Furthermore, that the MAPK kinase 
(MEK) 1/2 inhibitor , U0126, blocked proliferation and induced death of 
B9 cells indicate ' that IL-6 may not exert its survival effect primarily 
through bcl - XL and emphasizes the key role of Ras-MAPK cascade elements 
in the regulation of myeloma growth/viability. 

. . . promote their survival via signal transducer and activator of 
transcription (STAT) pathway-dependent regulation of Bcl - 2 family 
antiapoptotic members. Using IL-6-dependent " murine B9 

hybridoma/plasmacytoma cells, we here report that... 

. . . derivatives promoted S phase entry and survival of IL-6-starved cells 
without up-regulating bcl - XL expression. Furthermore, that the MAPK 
kinase (MEK) 1/2 inhibitor , U0126, blocked proliferation and induced 
death of B9 cells indicate that IL-6 may not exert its survival effect 
primarily through bcl - XL and emphasizes the key role of Ras-MAPK 
cascade elements in the regulation of myeloma... 
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poptin-induced cell death is modulated by Bel - 2 family members and 
i s Apaf - 1 dependen t . 
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Apoptin, a chicken anemia virus-derived protein, selectively induces 
apoptosis in transformed but not in normal cells, thus making it. a 
promising candidate as a novel anticancer therapeutic. The mechanism of 
apoptin-induced apoptosis is largely unknown. Here, we report that contrary 
to previous assumptions, Bel - 2 and Bel - xL inhibit apoptin-induced 
cell death in several tumor cell lines. In contrast, deficiency of Bax 
conferred resistance, whereas Bax expression sensitized cells to 
apoptin-induced death. Cell death induction by apoptin was associated with 
cytochrome c release from mitochondria as well as with caspase-3 and -7 
activation. Benzyloxycarbonyl-Val-Ala-Asp-f luoromethyl ketone, a broad 
spectrum caspase inhibitor, was highly protective against apoptin-induced 
cell death. Apoptosis induced by apoptin required Apaf-1, as immortalized 
Apaf-l-def icient fibroblasts as well as tumor cells devoid of Apaf-1 were 
strongly protected. Thus, our data indicate that apoptin-induced apoptosis 
is not only Bel - 2 - and caspase dependent, but also engages an Apaf-1 
apoptosome-mediated mitochondrial death pathway. 

Apoptin-induced cell death is modulated by Bel - 2 family members and 
is Apaf-1 dependent. 

... of apoptin-induced apoptosis is largely unknown. Here, we report that 
contrary to previous assumptions, Bel - 2 and Bel - xL inhibit 
apoptin-induced cell death in several tumor cell lines. In contrast, 
deficiency of Bax conferred resistance, whereas Bax expression. . . 

... 1 were strongly protected. Thus, our data indicate that apoptin-induced 
apoptosis is not only Bel - 2 - and caspase dependent, but also engages an 
Apaf-1 apoptosome-mediated mitochondrial death pathway. 
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Strategies to maximize monoclonal antibody (MAb) yields by in vitro 
production methods entail that hybridoma cells be maintained at high 
density. Approaches to increase culture density and antibody yields from 
hybridomas by inhibiting apbptosis through over-expression of exogenous 
Bel - 2 ' family genes have pro 
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Abstract: The present invention provides a method of killing cancer cells 
and method of treatment of cancer comprising administration of a 
therapeutically effective amount of a) a specific binding member which 
binds to a cell death receptor or a nucleic acid encoding said binding 
member and (b) a chemotherapeutic agent. The binding member pereferably 
binds to a Fas receptor. Also described are medicaments for use in 
treating cancer. 
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Abstract: The invention features methods for increasing or maintaining the 
number of functional cells of a predetermined type, for example, insulin 
producing cells of the pancreas, blood cells, spleen cells, brain cells, 
heart cells, vascular tissue cells, cells of the bile duct, or skin cells, 
in a mammal (e.g., a human patient) that has injured or damaged cells of 
the predetermined type. 

Non-exemplary Claims: 
...said cells that differentiate into cells of said predetermined type in 
vivo fail to express Fas or FasL. . . 

. . .The method of claim 1,. 9, or 15, wherein said composition binds or 
activates a death receptor . 



.9, 11-15, and 21 further comprising administering 



